There is growing evidence that accumulation of senescent cells in tissues may promote cancer in aged organisms. It is also generally believed that the growth of malignant tumors is slower and metastasis occurs less frequently in elderly than in young individuals. Here, experimental data on the effect of aging on the growth of transplanted tumors are discussed. No uniform pattern of behavior of tumor cells in old organisms can be observed. While some tumors grow faster in young compared to old animals, others grow slowly. This difference appears to depend on tumor and host factors. There is evidence that the implantation of metastatic tumor cells depends on humoral host factors, whereas the growth rate of metastasis mainly depends on local (microenvironmental) host factors. Age-associated changes in both humoral and local host factors are critical to the behavior and progression of transplanted tumors in the old host.
ABSTRACT
There is growing evidence that accumulation of senescent cells in tissues may promote cancer in aged organisms. It is also generally believed that the growth of malignant tumors is slower and metastasis occurs less frequently in elderly than in young individuals. Here, experimental data on the effect of aging on the growth of transplanted tumors are discussed. No uniform pattern of behavior of tumor cells in old organisms can be observed. While some tumors grow faster in young compared to old animals, others grow slowly. This difference appears to depend on tumor and host factors. There is evidence that the implantation of metastatic tumor cells depends on humoral host factors, whereas the growth rate of metastasis mainly depends on local (microenvironmental) host factors. Age-associated changes in both humoral and local host factors are critical to the behavior and progression of transplanted tumors in the old host.
INTRODUCTION
One of the widely accepted paradigms in cancer biology and clinics is the opinion that tumor growth and metastasis are slower at the old age in both human and experimental tumors (1) (2) (3) (4) . In a series of recent exciting papers, J. Campisi (5) (6) (7) (8) (9) proposed an idea that senescent fibroblasts have little impact on the growth of normal epithelial cells. However, they clearly stimulate preneoplastic and malignant cell growth, largely due to the secretion of both soluble and insoluble factors. According to this hypothesis, since senescent cells accumulate in tissues with age, the transplantation of tumor cells into an old host will more likely form tumors in older animals. Thus, we face two contradictory points of view.
Observations that the behavior of malignant tumors varies with age are abundant (10, 11) . Thus, elderly breast cancer patients have a better prognosis than young patients. The prognosis for different tumors, however, may worsen with the age of the patient, as is the case with acute myelogenic leukemia and large cell lymphoma (10, 11) . According to the UICC data, old age (> 70) of the patient is a prognostic factor for the majority of cancers (12, 13) .
In this paper the author will focus on experimental tumor models. According to the integral model of carcinogenesis, (14) (15) (16) , the age-related changes in tissue microenvironment may both favor and oppose tumor development. According to Peto et al. (17) , substantial arguments for Burnet's (18) point of view should be provided if tumors of the same age transplanted to the old host grew with a faster rate than tumors in younger hosts. These experiments rule out the effect of age on the initiation stage of carcinogenesis itself and explore the role of age-related changes in the organism on the growth and progression of transformed cells. The following criteria for the evaluation of the results of such experiments might be used: (a) tumor transplantability, (b) rate of tumor growth, and (c) survival time of tumor-bearing animals. Notably, age-related differences in transplantability mainly illustrate the role of age in the decline of immune vigor. When host animals are inoculated with an excess of tumor cells, the difference might not be evident. Carefully planned experiments, with a strictly counted and limited number of tumor cells injected into young and old animals, in some cases, allow a researcher to evaluate a dependency of tumor growth rate on the host age.
EPITHELIAL TUMORS

Lung tumors
The influence of the age of the tumor host on cancer growth was shown by the pivotal experiments of Ershler (3, 4) . He injected an equal number of melanoma B16 cell or Lewis lung carcinoma cells into younger and older mice and found that the survival was shorter and the number of metastases higher in younger animals.
The data of Thompson (19) show that the incidence of lung tumor colonies in old (71 weeks) C3H mice was directly proportional to the number of intravenously administered cells of Ehrlich's ascites carcinoma. However, this correlation has not been found in young (15-week-old) animals. These data provide convincing evidence for the existence of a certain "threshold" in the immune system of anti-tumor resistance and suggest that its level decrease with age.
In a study by Yuhas and Ulrich, mice were administered intravenously with equal numbers of lung carcinoma cells (line 1) at the age of 3, 8, 12 , and 18 months (20) . The authors showed an increased number of tumor colonies developed in the lungs with the increase of mouse age at the time of the injection.
Transplantability and growth of syngeneic Lewis lung carcinoma were studied in 2-, 10-, and 24-month-old C57BL/6J mice (21) . It was shown that the incidence of developed tumors and growth rate increased in direct proportion to the age of mice. In our experiment, the tumor doubling time and the survival time of tumor-bearing C57BL/6 mice grafted with Lewis lung carcinoma at the age of 3 or 18 months did not reveal any significant differences (22) . Sadovnikova et al. (23) injected equal number of Lewis lung carcinoma cells intraperitoneally to hybrid (CBA x C57BL)F1 mice aged 2, 6, 26 and 33 months. No difference was found in the growth rate of tumors in all age groups. However, the tumor diameter increased with a somewhat lower rate in 33-month-old mice compared with 2-month-old animals. The contradictions in the results of the experiments with Lewis lung carcinoma are difficult to explain. The difference in the age at the time of tumor inoculation, the site of inoculation, and the sex of the mice might be the causes of these controversies.
Melanoma B16
The injection of a dosed number of melanoma B16 cells to young or old mice brought about more contradictory results. In a study of Hirayama et al. (24) a different numbers of B16-F10 melanoma cells with a high pulmonary metastasizing potential was injected subcutaneously into the outer ear of female C57BL/6 mice at the age of 3 or 22 months. However, no differences in the tumor size between young and old animals were found. On the other hand, palpable metastases in cervical lymph nodes appeared earlier in old mice as compared to young animals. It was found that the number of metastatic colonies in the lungs of old mice was significantly higher than in young animals at the 29th day after the injection of tumor cells. In young mice, the size of lung metastases was homogenously similar, and these were large, while in old mice metastases were heterogeneous with prevalence of small colonies. Colonies with a diameter equal to or less than 0.1 mm appeared with an incidence of 36% in young mice and 70% in older ones, respectively, at the 6th week after the inoculation of tumor cells. The authors suggested that although B16 metastatic colonies are easily established in old mice, the microenvironment is less favorable for their growth in the lungs of old animals, than in young.
In the experiments of Ehrlich et al. (25) , oneyear-old mice appeared to be more resistant to the subthreshold number of B16 cells injected subcutaneously into dorsal area, than 3-month-old animals. The incidence of developed tumors and the rate of their growth were higher in younger mice compared with older ones.
In another study, male C57BL/6 mice aged 3 or 24 months were injected subcutaneously or intraperitoneally with 10 5 melanoma B16-F10 cells, or intravenously with 10 5 melanoma B16-F1 cells (2) . It was found that subcutaneously grafted tumors appeared later, developed slower, and reached a smaller size in older mice. The survival time of the old mice inoculated subcutaneously with melanoma cells was longer than that in young animals. However, the survival time of young and old mice injected with melanoma cells intraperitoneally was similar. In two weeks after intravenous administration, the number of developing lung colonies was 5.1 ± 2.6 (mean ± S.E.M.) in old mice and 29.3 ± 5.7 in young mice (p < 0.01). In addition, the survival of old mice injected with tumor cells intravenously was longer than the survival of young mice injected with the same number of melanoma B16 cells.
In our own experiments, melanoma B16 cells were transplanted subcutaneously into young (3-month-old) or old (18-19-month-old) C57BL/6 mice (26). The growth rate of the melanoma was higher in old mice compared with young ones. However, the survival of melanoma B16 bearers was not influenced by the age of the animals. When 5 x 10 4 melanoma B16 cells were injected intraperitoneally, the mean number of lung colonies was 32.8 ± 7.5 in 12-month-old animals vs. 6.4 ± 1.0 in 3-month-old animals (p < 0.01). Intravenous inoculation of 1 x 10 5 melanoma cells into 12-month-old mice was followed by the development of 57.3 ± 7.9 lung metastatic colonies, whereas in 3-monthold animals only 36.8 ± 8.4 colonies developed. However, the majority of lung colonies were generally smaller in diameter in 12-month-old mice when compared with young mice (26) .
B16 F10 melanoma cells were injected into the tail vein of young (6-week-old) or old (22-month-old) mice and into parabiotic mice constructed between young and old mice; the number and shape of pulmonary metastases were compared between these groups (27) . In unpaired mice, the number of lung metastatic colonies was 10-fold higher in young mice compared to old ones. In parabiotic young mice, the number of metastases was almost equal to the number in unpaired young animals, but the number of lung metastases in old mice was similar to that in young animals. Metastatic colonies at the lung surface were mostly nodular in young mice and flat in old mice. The shape of colonies reflecting the tumor growth rate was not changed in parabiotic old mice in spite of an increase in the total number of these colonies. In young parabiotic mice, the number of large and intermediate size colonies has decreased, whereas the number of small lung metastatic colonies has increased in comparison with unpaired young mice. These results suggest that the implantation of metastatic colonies in the lung mainly depends on systemic humoral factors, and that their growth mainly depends on the local host factors (microenvironment). Thus, significant age-dependent changes of both systemic and local factors greatly influence the metastatic behavior of melanoma B16 (27).
Pili et al. (28) have subcutaneously injected 10 5 melanoma B16-F10 cells into 2-and 18-month-old C57BL mice. Twenty-four and 28 days after injection, tumors growing in old animals were in a size about 50% compared with tumors growing in young animals. The authors have also observed significantly fewer metastatic lung colonies in the older animals compared with young ones after they were injected intravenously with melanoma cells.
Compared to young (6-8 week-old) C57BL/6J mice inoculated with melanoma B16 cells, a reduced tumor growth rate was observed in middle-aged (12-13 monthold) and old (16-24 months-old) mice (29, 30) . Itzhaki et al. (31, 32) have shown that decreased cell proliferation or immune response modifications are possible mechanisms of this phenomena. Additionally, an increased tendency to apoptotic tumor cell death in the aged could also contribute to the latter.
The differences in the rate of tumor growth and survival of tumor-bearing animals are determined by the age-related hormone-metabolic shifts and by some biological characteristics of the inoculated tumor. The importance of these factors was stressed by Hirayama et al. (24) . He observed the difference in capacity of F1 and F10 sublines of B16 melanoma to grow and form lung metastatic colonies. Donin et al. (29) have further reported on the differences in the effect of age on the growth rate of the melanoma B16 and its highly malignant variant, the B16/Col./R melanoma.
Mammary tumors
Inoculation of tumors derived from the mammary gland epithelium (Ehrlich's ascites, EMT6, A-755) to the mice of various ages is usually followed by enhanced growth rate in older animals (22, 33, 34) . In our experiment, transplantable mammary carcinoma, A-755, was inoculated subcutaneously into female C57BL/6 mice aged 3, 12 or 18 months (22) . The doubling time of the mean tumor size was 33 ± 2.1, 29 ± 1.9 and 27 ± 2.3 days, respectively. Mean survival time of C57BL/6 mice inoculated subcutaneously with mammary carcinoma A-755 at the age of 3 months was 35 days; it was 22 days when tumor cells were transplanted into 19-month-old mice (26) . The rate of growth of spontaneous mammary adenocarcinoma transplanted into old male C3H mice was increased, as compared to old females (19) . The authors believe this to be the result of age-related hormone disturbances in old female C3H mice.
Sadovnikova et al. (23) have shown that spontaneous mammary tumors, developed in old (21 to 22 months) female SHK mice grew slower than similar tumors in 10 to 15-month-old mice. Walker 256 carcinoma, which is also derived from mammary gland epithelium, has grown slower than that in 20-week-old animals when transplanted into old (120-week-old) male rats (19) . Gravekamp et al. (34) injected different numbers (10 3 , 10 4 , 10 5 ) of non-metastasizing 64pT mammary tumor cells into a fat pad of normal BALB/c mice of different ages (3, 9, and 24 months). A significantly lower progression of 64pT breast tumors was observed in the mice at 24 months compared to the mice at the age of 3 months, when injected with 10 4 tumor cells. However, there was no difference in the tumor weight between young and old mice inoculated with 10 3 or 10 5 tumor cells. Similarly, no statistically significant difference in tumor weight was detected when 4TO7cg mammary tumor cells were injected into 3-, 9-or 21-month-old female BALB/c mice (35) . The authors observed a 3-fold increase in the number of mice with metastases at the surface of the lungs or in the peritoneal cavity in old mice, compared with young mice (1/6 and 6/19, respectively). This alteration, however, was not statistically significant. Notably, no significant difference between young and old mice was observed in the transplantability or latency of 64pT and 4TO7cg mammary tumor (36) .
It is important to note, that the estrous function is switched-off at the age of 13-16 months in the majority of mouse strains, whereas at the age of 15-18 months in rat of different strains (14) . Thus, animals of oldest groups were anovulatory in all above mentioned experiments with transplantable mammary tumors.
To test the idea that senescent cells create a microenvironment that promotes the growth of preneoplastic cells in vivo, Krtolica et al. (8) injected epithelial cells cultivated in vitro alone or with fibroblasts, into 5-week-old immunocompromised (nu/nu) mice. Four epithelial cell lines have been used in the experiment. Three of those, namely human epidermal keratinocytes (HaCAT), S1 human mammary epithelial cells and SCp2 mouse mammary epithelial cells, were evaluated as preneoplastic, and the fourth (MDA231) is an aggressive human breast cancer line. In all the strains, when injected with senescent fibroblasts, both preneoplastic and neoplastic cells formed tumors in mice. Tumors did not develop if the inoculation of senescent fibroblasts was not performed simultaneously. Following that, it could be concluded that the senescent cells may create a microenvironment that facilitates the growth and progression of the mutant cells.
Hepatocellular cancer
The growth rate of subcutaneously transplanted murine hepatoma-22a tumors was similar in 3-and 14-month-old C3HA mice. However, in older animals (18-28-month-old) the tumor size was larger than those of young mice at any time interval after inoculation (22) . On the other hand, the growth rate of Novikoff's hepatoma was higher in young rats (20-weeek-old), compared to old (120-week-old) rats (37) .
In a series of experiments, McCullough et al. (38) (39) (40) have developed an experimental system for the analysis of the role of cellular phenotype and tissue microenvironment in the effect of age on tumor development. This experimental system employs the intrahepatic transplantation of aneuploid BAG2-GN6TF liver epithelial cells. These cells produce tumors in 100% of neonatal rat host (41) and a high percentage of adult hosts with short latency when transplanted to subcutaneous or intraperitoneal sites (39) . The authors have shown that intrahepatic transplants of the hepatoma cells rapidly produce small tumors at the site of inoculation in young hosts. However, these tumors regressed within 1 month of their formation (39) . In contrast, when the hepatoma BAG2-GN6TF cells were inoculated intrahepatically into old rats, they quickly produced expanding undifferentiated liver tumors causing the death of the host rat (39, 40) . Remarkably, when the tumor cells were transplanted into the spleen of young rats, the cells show individual distribution throughout the liver resulting in hepatocytic differentiation by tumor cells with concomitant suppression of their tumorigenicity. When transplanted into livers of old rats by splenic inoculation or when young hepatictransplant recipients are allowed to age, hepatocytic progeny of BAG2-GN6TF cells proliferate to form foci, suggesting that the liver microenvironment of old rats incompletely regulates the proliferation and differentiation of tumor cell-derived hepatocytes (40).
Gastrointestinal tumors
A human stomach carcinoma (Shiraishi line) was transplanted from hairless mice to nude rats of different ages. Its transplantability was highest in 4-to 7-week-old rats and lowest in 10-to 17-week-old animals. The mean tumor weight was largest in 4-week-old animals and lowest in 13-week-old (42) .
In our experiments with 1,2-dimethylhydrazinetreated rats of varying age (4, 8-10 and 18 month-old), multiplicity of induced colon tumors inversely correlated with the age of animals (43) . However, large-size colon tumors were more frequent in 18-month-old rats than in younger groups. Additionally, the morphology of developed cancers showed enhanced tumor progression in older animals. Turusov et al. (44) observed greater incidence of intestinal tumors with invasive growth in 12-month-old 1,2-dimethylhydrazine-treated mice, as compared to 8-month-old animals. These data suggest the promoting effect of age on intestinal tumor development in rodents.
Other epithelial tumors
Eight x 10 6 OTT6050 teratocarcinoma cells were injected subcutaneously into 129/Sv mice and the rate of tumor growth has been registered (45) . It was observed that the tumor growth rate was maximal in 2-to 3-week-old mice. Tumor growth rate was similar in male mice aged 10 or 70 weeks, but it was decreased in 70-week-old females in comparison to 10-week-old females. The survival time of old-tumor-bearing mice was longer in comparison to young ones (45) .
The growth rates of transplantable squamous cell carcinoma of the cervix uteri (SCC strain) were similar in the 3-and 12-month-old Balb/c female mice; however, it was increased in mice inoculated with the tumor at the age of 18 months (22) . The growth rate of a human epidermoid carcinoma H.Ep#3 grafted to Swiss mice was higher in old (20-to 23-month-old) mice, when compared with younger (4-to 8-month-old) hosts (46).
MESENCHYMAL TUMORS
Hematopoietic malignancies
In several studies the effect of age on the development of transplantable neoplasm's of the hematopoietic system has been evaluated. Perkins (47) has studied the immunocompetence and development of transplantable mastocytoma P815, inoculated into young (3-mont-old) and old (25-month-old) Balb/c mice. An increased rate of tumor cell division in the 25-month-old hosts in comparison to young ones has been observed. One week after the inoculation of 10 5 tumor cells into old mice, ascites developed, and all the animals died 1 to 2 weeks after the injection. In young mice, the development of ascites was delayed and their volumes were less than in old ones; the animals did not die before the 3 rd week of the experiment. Survival of DBA/2 mice inoculated with the leukemia P388 was not significantly different between young (3-month-old) and middle-aged (12-month-old) animals (26) .
AKR lymphoma cells were inoculated subcutaneously into 6-8-week-old or 7-9-month-old AKR mice. The age-related reduction of the tumor growth rate was demonstrated by measuring the tumor incidence, tumor size and survival (30) .
In another study, myeloma LCP-1 cells injected intraperitoneally have killed young (2-to 3-month-old) mice after 16.5 days and old (19-to 20 month-old) animals 20 days after administration (48) . The survival time of DBA/2 hybrid mice inoculated with leukemia L1210 cells at the age of 2, 3 or 11 months was longer in comparison to those inoculated with the equivalent number of the tumor cells at the age of 1.5 months (49). The survival time of young (3-to 4-month-old) and old (18-to 20-month-old) C57BL/6 mice intraperitoneally injected with hemocytoblastosis La cells was similar (22) . Statistically significant delay in tumor appearance and a decrease in the tumor growth rate were shown in 11-to 17-month-old NZB mice grafted with a reticulum-cell type A tumor, compared to younger animals aged from 12-14 days to 230-256 days (50).
Sarcomas
Numerous works reported the effect of age on the growth rate of various transplantable sarcomas. Loefer (51) has found that transplantability of rat fibrosarcoma in 4-month-old recipient rats was higher than in 1-year-old animals. However, the ascitic variant of rat fibrosarcoma has developed poorly in infant rats, somewhat better in 3-to 4-month-old rats, and much better in 12-to 16-to 18-month-old rats (52) . Most young rats (under the age of 36 weeks) that were subcutaneously grafted with methylcholanthrene-induced fibrosarcoma have developed rapidly growing tumors (53) . In older (15-month-old) rats, the transplantability of the tumors was decreased, and they regressed often. The transplantability and tumor growth rates were higher in rats inoculated at over 2 years of age, and these parameters were similar in young (3 to 35-weekold) rats (54) .
Stjensward (55) transplanted the first generation of methylcholanthrene sarcoma to mice aged 1 week and 1, 3, 4, 5, 6, 10, 15, or 22 months. The resistance to tumor growth was maximal in 6-month-old mice and minimal in 1-week-old and 22-month-old animals. At these ages the extent of cell immunity parameters was minimal, while it was maximal in 6-month-old mice.
Fibrosarcoma 1023 has been subcutaneously inoculated into 8-or 14-to 20-week-old mice (56). The growth rate of tumors was increased, and the survival time was decreased in the mice of the older age group. In the mice aged 2, 6, or 10 months, the transplantability of subcutaneously implanted UV light-induced fibrosarcoma 1591 was proportional to the age of the mice at the time of the transplantation (57).
The majority of methylcholanthrene-induced sarcoma grafts were successful in old (310-to 629-day-old) NZB mice, whereas only a proportion of young (70-to 87-day-old) mice had palpable tumors after 30 days; all young animals had rejected their tumors. In contrast, when the osteogenic sarcoma was transplanted into young and old NZB mice, a greater weight of tumors was found in the 37-to 44-day-old mice than in older (318-to 531-day-old) animals. This clear difference between young and old animals was not, however, reproduced when additional groups of young (75-to 98-day old) and old (362-to 541-day-old) NZB mice were assayed (50).
In our experiment, the growth rate of sarcoma 180 was higher in 18-than in 3-month-old C57BL/6 mice (22) . A decrease of tumor mean diameter doubling time and significant shift to the left of the tumor growth curve in old mice was observed. The rate of growth of transplantable uterine sarcoma primary induced by 1,2-dimethylhydrazine and grafted to syngeneic young (2-to 3-month-old) and 1-year-old CBA mice was similar (58).
Engelbreth-Holm-Swarm (EHS) carcinoma (originally described as murine chondrosarcoma) cells were injected into C57BL mice of different ages (3, 6, 12, 18, 26, 28 months) (28) . EHS tumors formed larger tumors in young mice than in old. The rate of DNA synthesis in tumor tissue from old animals in organ culture was lower than in tissue from young animals. Histologically, tumors grown in old animals exhibited a 3-fold higher ratio of extracellular matrix to tumor cells than those grown in young animals. Tumors from adult animals exhibited numerous small blood vessels, while those from old animals contained fewer, much larger vessels. The authors concluded that the rate of growth and morphology of the EHS tumor were altered with age, partly due to a reduced capacity of angiogenesis in the tumors, due to the lack of angiogenic factors or the presence of host inhibitors.
In our experiments, 2 x10 3 ; 5 x 10 3 or 10 x 10 3 cells of rat rhabdomyosarcoma RA-2 were intravenously inoculated into female and male rats of different ages (59) . It was observed that the number of lung tumor colonies was highest in 1 -month-old and 15-month-old females and lowest in 3 -and 12-month-old animals. Proliferation activity of the tumor was higher in 1-and 15-month-old female rats compared with 3-month-old ones. A positive correlation was found between the number of lung tumor colonies and somatomedine activity in the lung tissue. In 24-month-old male rats which were injected intravenously with 5 x 10 3 RA-2 cells, the number of tumor clones in the lungs was significantly higher than in animals aged 2 or 6 months (59).
AGING, HOST MACRO-AND MICROENVIRONMENT AND TUMOR GROWTH
Available experimental data are contradictory and support the hypothesis that effects of host age on tumor development may vary (Table 1) . Variation in the age of animals used in experiments might be one of the causes of ↑ -Increase in transplantability, tumor growth rate or a decrease of survival of tumor-bearing animal; ↓ -opposite effects; = no effect of age. those contradictions. It seems that the transplanted tumors developed slower in 5-to 13-month-old mice and rats than in younger (1-to 3-month-old) or older (18-to 22-monthold) rodents. Age-related peculiarities of the activity of the anti-tumor immune system probably play leading roles in this phenomenon (4, 60) . It is well known that the agerelated decline in immunity and changes in the neuroendocrine system develop at various rates, and the significant immune deficiency could occur at different ages in animals of various strains. However, using mice of one particular strain (C57BL/6) as a host for transplantation of tumors of different histogenesis, we have found that the behavior of tumors frequently depends on the tissue origin of the grafted tumor (22) .
The growth rate of the tumor could be determined either by the origin (histogenesis) of the tumor cells per se, or the complex factors of the host environment where tumor cells proliferate, or both of these. The host environmental factors could be classified into two types: 1) local factors that cannot be transported by the blood stream, and 2) humoral factors that can be supplied by the blood or lymphatic streams (27) . Local sites where tumor cells implant and grow are composed of local organ cells with capillary networks and extracellular matrix (63, 64) . Possible candidate humoral factors are hormones, growth factors, cytokines and other factors of the immune system (4, 14, 24, 45, 60, 65, 66) . For example, female mice older than 14-15 months and female rats older than 15-17 months usually have no ovulations and revealed persistent estrus syndrome followed by anestrous (14) . The persistent estrus syndrome characterizes by acyclic normal or elevated level of estrogens in the serum, whereas estrogen deficit is common for anestrus (14) .
The histological type of the tumor plays an apparently important role in tumor progression in the animals of different ages. Old age promotes the growth of squamous cell epidermal cancers and various adenocarcinomas. Hematopietic neoplasms grow either at the same rate in animals of varying ages or faster in young animals. However, the susceptibility to sarcomas and their growth rate are increased in old mice and rats ( Table 1 ).
The microenvironment of cancer cells, composed of extracellular matrix macromolecules, plays a pivotal function in tumor progression (63, 64, 66, 67) . Aging considerably modifies extracellular matrix architecture and host cell proteolytic phenotype (67) (68) (69) . Senescent fibroblasts might therefore influence crosstalk with tumor cells and the regulation of proteolytic cascades. Some details of this process have been discussed in a number of works (6, 9, 67, 70) .
The immunogeneity of the tumor is one of the principal factors determining age-related differences in tumor growth. The role of immunesenescence in the effect of age on the growth of transplantable tumors has been discussed in several comprehensive reviews (1, 4, 30, 60, 71) . Briefly, strongly antigenic tumors induce sound immunosuppressive responses only in immuno-competent hosts, and tumor growth is therefore inhibited.
Immunodeficient hosts produce a weak immunosuppressive response to a strongly antigenic tumor, and tumor growth is correspondingly greater. Weakly antigenic tumors induce little immunosuppressive response in either immunocompetent or immunosuppressive hosts. The immunocompetent host will produce a greater immunefacilitating response, and tumor growth will be greater than in the immunosuppressive host (71) . This hypothesis predicts that in immuno-deficient (aged) host with a weakly antigenic tumor, the tumor growth would be slow compared with the growth of the same tumor in immunocompetent young host. This hypothesis can explain some contradictions in the results described in Sections 3 and 4.
Many research studies are now devoted to determining the impact of angiogenesis on tumor development and progression, and the reciprocal influences of tumor production upon the microvasculature (72) . Ageassociated change in angiogenesis could be the factor responsible for slow growth of some tumors in old animals (3, 61) . In late generation telomerase-deficient mice Terc -/-inoculated subcutaneously with melanoma B16F10 cells, short telomeres result in a sharp decrease in microvessel counts followed by diminished tumor cell proliferation and increased tumor cell apoptosis, and finally, a lower tumor growth rate (73) . It was shown that the extent and intensity of expression of mapsin (a member of serine protease inhibitor family and an epithelial cell tumor suppressor with anti-invasive and anti-angiogenic activities) in the human skin is significantly correlated with chronological age (74) . Authors suggest that senescent keratinocytes exert a paracrine anti-angiogenic activity, and mapsin is the principal contributor to this potentially suppressive effect of cellular senescence.
Significant changes in the level of cytokines, hormones, growth factors and metabolites during the normal aging in mice and rats, as well as in humans, are commonly known. It is a priori clear that the internal milieu of young and old hosts can reveal some differences, which can promote or prevent tumor growth. Numerous pieces of evidence suggest that following age-associated disturbances in the organism that develop during normal aging at molecular, tissue, systemic and organism levels, microenvironmental conditions promoting the tumor growth are formed in the elderly age (for review see: 5,6,14-16,65,75-77).
A concept was substantiated that the most common feature of all malignant tumors would be their interference with host metabolism inducing various biochemical, endocrine, and immune disturbances of the host homeostasis, underlying certain paraneoplastic syndromes (78). The capacity of malignant tumors to exert hypoglycemic pressure on the host functioning as a chronic stress factor leads to the activation of the hypothalamus-pituitary system along with the energy-consuming process of stimulation of endogenous glucose formation from amino acids and glycerol. The compensatory role of the stimulated lipolysis supplying (in addition to glycerol) free fatty acids and ketone bodies for host tissues as energy The experiments of Shapot and Shelepov (78) and some of our own studies show that transplantation of tumors of different histogenesis is followed by the development of different hormonal and metabolic shifts in these animals. Thus, the serum insulin level is decreased in rats with subcutaneously transplanted Pliss' lymphosarcoma, whereas in the rats bearing Walker-256 carcinoma or sarcoma-45 a trend to the increase in serum insulin level has been observed (14) . The level of serum glucose and triglycerides was significantly different in rats bearing transplanted thyroid tumor or Walker-256 carcinoma (14) . We suggest that such differences in the paraneoplastic syndrome parameters observed in animals bearing transplanted tumors of various histogenesis might be a cause of differences in the behavior of tumors transplanted into young and old hosts. In some cases, transplanted tumor can stimulate age-related hormone metabolic disturbances in the host that, in turn, could promote a tumor growth. In other cases, the shifts induced by the tumor in the internal milieu of the organism can alleviate the development of age-related changes promoting tumor growth, thus decreasing the rate of tumor growth in old organisms. Regional differences and variations in the vascular supply, pattern of nervous system development, expression of temperature differentials, and the establishment of metabolic gradients during development could also influence the rate of tumor growth (79).
CONCLUSION
Finalizing a discussion on clinical evidence for changes in tumor aggressiveness with age, Holmes (11) has stressed that those who believe that slowly growing tumors are associated with old age are correct, as are those who believe that rapidly growing tumors are associated with old age. He has also noted that site and tumor stage are two important determinants, and tumors in the elderly are just as diverse as groups of old people. Our analysis of available data on transplanted tumors in rodents performed two decades ago (14, 22, 76) as well as presented above in this paper, shows that there is no uniform pattern of the behavior of tumor cells in old organisms. Some tumors grow faster in young than in old, whereas others grow more slowly in young than in old. These differences depend on a number of factors, including those that are tumordependent and host-dependent (Table 2 ). There is evidence that implantation of metastatic tumor cells depends on humoral host factors, whereas the growth rate of metastases mainly depends on local (microenvironmental) host factors. Age-associated changes in both humoral and local host factors are critical for the behavior and progression of transplanted tumors in the old host, limiting the transplantability, growth rate and survival time of the tumor-bearer.
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